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Introduction: The Vascular Surgery Board (VSB) of the American Board of Surgery sought to answer the following
questions: what is the scope of contemporary vascular surgery practice? Do current vascular surgery residents obtain
training that is appropriate for their future career expectations and for successful Board certification? How effectively do
practicing vascular surgeons incorporate emerging technologies and procedures into practice?
Methods: We analyzed the operative logs submitted to the VSB by recent vascular surgery residents applying for the
Vascular Surgery Qualifying Examination (QE; 2006-2009) or by practicing vascular surgeons applying for the Vascular
Surgery Recertification Examination (RE; 1995-2009). The relationship between reported operative experience and
performance of the QE and RE was examined.
Results: There has been a threefold increase in the mean number of primary cases reported by both RE and QE applicants
over the past 15 years and the increase in case volume has been driven largely by an increase in the number of endovascular
procedures. Endovascular procedures have been broadly incorporated into the practice of most vascular surgeons
applying for recertification. The number of major open surgical cases reported by recent QE applicants has remained
unchanged over the period of observation. For QE applicants, the number of endovascular aneurysm repairs (EVARs) has
reached a plateau at approximately 50 cases, whereas the mean number of open infrarenal aneurysm repairs has decreased
for both QE and RE applicants, reflecting national trends favoring EVAR. There was a significant association between
case volume and performance on the QE but not on the RE.
Conclusion:Over the past 15 years, there has been a significant increase in the total number of operative cases reported to
the VSB by both QE and RE applicants. Contrary to popular belief, the volume of major open vascular surgery reported
by recent vascular surgery residents has remained relatively stable since 1994. Over the same time period, endovascular
procedures have been rapidly incorporated into clinical practice by the majority of vascular surgeons applying for
recertification by the VSB. Current vascular surgery residents receive a rich operative experience in both open and
endovascular procedures that is reflective of contemporary practice. ( J Vasc Surg 2011;53:1130-40.)
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0Over the past 15 years, there have been dramatic
changes in the practice of vascular surgery that significantly
impact the training and certification of vascular surgeons.1
Without debate, the emergence of endovascular surgery
has revolutionized the care of vascular patients. At the same
time, acquiring and maintaining competence over a broad
range of both endovascular and open procedures has cre-
ated challenges for trainees and practicing surgeons alike.
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Volume 53, Number 4 Eidt et al 1131training in the United States. The rapid evolution of vascu-
lar surgery from a predominantly open surgical specialty to
one that includes a wide spectrum of catheter-based tech-
niques raises some important questions about the adequacy
of both current residency training and continuing surgical
education.
● What is the scope of contemporary vascular surgery
practice?
● Do current vascular surgery residents obtain training
that is appropriate for their future career expectations
and for successful Board certification?
● How effectively do practicing vascular surgeons incor-
porate emerging technologies and procedures into
practice?
In order to address these questions regarding the cur-
rent state of vascular training and practice, the VSB re-
viewed the surgical operative logs submitted by recent
applicants to the Vascular Surgery Qualifying and Recerti-
fication Examinations (REs) and analyzed trends in experi-
ence over the past 15 years.
METHODS
Applicant pool. The surgical operative logs submitted
to the VSB by applicants to either the Vascular Surgery
Qualifying Examination (QE) from 2006 to 2009 or RE
from 1995 to 2009 were analyzed. In addition, the Vascu-
lar Surgery National Resident Reports (1993-2009) pub-
lished by the Accreditation Council for Graduate Medical
Education (ACGME) and the Residency Review Commit-
tee for Surgery (RRC-S) for Vascular Surgery were also
analyzed and compared to the VSB QE data.
One hundred eighty diplomates sought recertification
in vascular surgery in 2009; 92 (51%) were seeking initial
recertification (10-year cohort), and 88 (49%) were recer-
tifying for the second time (20-year cohort). The RE
applicant pool represented a diverse snapshot of contem-
porary vascular practice from all regions of the country and
practice settings. In 2009, 8% were women, 9% were inter-
national medical graduates, 77% were certified in general
surgery, and 8% were certified in surgical critical care. To
date, the RE has been administered 19 times and a total of
1783 diplomates have been recertified in vascular surgery.
In recent years, from 90% to 98% of initially certified
vascular surgeons have elected to recertify in vascular sur-
gery.
The applicant pool for the QE in vascular surgery is
restricted to graduates of ACGME-approved vascular resi-
dency programs since the initial examination in 1983, and
the annual number of applicants has ranged from 93 to 195
examinees. In 2009, the QE applicants consisted of a total
of 143 examinees including 131 first-time takers and 12
re-examinees (8%); 15% were women, 78% were US medi-
cal school graduates, and 96% were certified in general
surgery. All QE applicants met the minimum number of
250 major vascular reconstructions required by the VSB
and the minimum number of cases for each category de-
fined by the RRC-S. The current RRC-S defined categories dnd numbers include abdominal (30), cerebrovascular
25), peripheral (45), complex (10), endovascular diagnos-
ic (100), endovascular therapeutic (80), and endovascular
neurysm repair (20).
Procedure categories. Over the past 15 years, there
ave been significant modifications to the procedure cate-
ories available on the surgical operative logs. In concert
ith the RRC-S, the VSB has both increased the overall
umber of categories and greatly expanded the breadth of
ndovascular categories to reflect changes in the scope and
iversity of contemporary vascular practice. In 1995, the
urgical operative log included 37 operations in 10 general
ategories (aneurysms, cerebrovascular, peripheral obstruc-
ive, abdominal obstructive, upper extremity, extracavitary,
ortal, miscellaneous, access, and amputations). In 2009,
here were 97 operations in 13 general categories (added
ascular trauma, endovascular diagnostic, and venous and
ndovascular therapeutic and deleted portal vein proce-
ures). In 2007, the RRC-S allowed endovascular thera-
eutic cases to be counted toward the required major case
inimum.
For both the RE and QE, the percentage of applicants
eporting at least 1 case is recorded. The simple statistics for
ach procedure are recorded for applicants with at least 1
ase (zeros excluded). For selected cases, histograms dem-
nstrating the number of surgeons reporting specific oper-
tive experience are presented.
The relationship between performance on the QE or
E and reported surgical case volume was analyzed. The
earson correlation coefficient was calculated to determine
f there was a statistical relationship between vascular sur-
ery operative experience performance on the 2009 Vascu-
ar Surgery QE or RE. The magnitude of the potential
elationship and the P value are reported.
For QE applicants, Total Primary Operations is defined
s the total number of operations performed by the resident
s the operating surgeon, excluding first assistant and sec-
ndary cases. The Total Major Open Operations is defined
s the total number of cases in the following six categories:
1) aneurysms, (2) cerebrovascular, (3) peripheral obstruc-
ive, (4) intra-abdominal obstructive, (5) extracavitary, and
6) upper extremity. Endovascular procedures, vascular
ccess, and vascular trauma were specifically excluded from
his determination to maintain consistency over the report-
ng interval (1993-2009).
The Nationwide Inpatient Sample (NIS) for the
ears 1993 to 2007 was queried for the procedure codes
or open infrarenal aneurysm repair (38.44) and endo-
ascular abdominal aneurysm repair (39.71). The NIS is
ublished online as a product of the Healthcare Cost and
tilization Project of the Agency for Healthcare Re-
earch and Quality. The NIS is the largest all-payer
npatient care database in the United States and contains
ata from approximately 8 million hospital stays each
ear. The discharge data approximates a 20% stratified
ample of US community hospitals.
Statistical analysis. Reported operative experience
ata were analyzed by calculating the mean and interquar-
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April 20111132 Eidt et altile range.Where appropriate, differences in frequency were
assessed by calculation of the 2.
RESULTS
Qualifying Examination applicants. Over the 15-
year period of observation (1994-2009), the most obvious
trend in the reported operative experience of first-time
applicants for certification in vascular surgery has been a
dramatic increase in the number of primary cases from
approximately 200 cases in 1994 to more than 600 in 2009
(Fig 1). The increase in volume has been driven largely by
an increase in a broad range of endovascular procedures
(Tables I-III).
Over the same time period, the number of major open
vascular cases has remained relatively stable from a low of
161 cases in 1994 to a high of 201 in 1996 (Fig 2). Of the
six major open surgical categories, residents continue to
report a robust experience with aneurysm (395), cerebro-
vascular (565), and peripheral obstructive cases (705).
There is a relative paucity of abdominal obstructive (72),
upper extremity (42), and extracavitary operations
(81), a trend that has remained virtually unchanged over
the time of observation (Fig 3). Themean reported number
of open elective infrarenal aneurysm repairs has decreased
from a high of 32 (2000) to a low of 14 (2009). This
downward trend has been mitigated to some degree by a
stable number of open repairs of aneurysms other than the
abdominal aorta (ruptured abdominal aortic aneurysm
[AAA], suprarenal AAA, thoracic aneurysm, thoracoab-
dominal aneurysm, femoral aneurysm, and popliteal aneu-
rysm), so that the total number of open aneurysm opera-
tions has remained relatively flat at approximately 35 cases
per trainee (Table I). Of note, the number of open surgical
procedures for treatment of aortoiliac (range, 11-16 cases)
and femoropopliteal (range, 37-58 cases) obstructive dis-
ease has remained relatively stable since 1994. While the
number of aortofemoral bypass grafts has decreased, these
cases have been replaced to some extent with other aor-
toiliac reconstructive procedures including iliac conduits
for endograft access and unilateral iliofemoral procedures
Fig 1. Qualifying Examination (QE) Operative case volume
1994-2009.such as endarterectomy and bypass. The mean number of srteriovenous (AV) fistulas for dialysis has increased by
ore than 300% from a mean of 5 to 18, whereas the
umber of AV grafts has remained flat over the same time
eriod.
The decrease in open AAA repair reported by QE
pplicants reflects national trends favoring endovascular
neurysm repair (EVAR; Fig 4). More than 75% of resi-
ents report experience with thoracoabdominal and su-
rarenal abdominal aneurysm. The mean number of open
horacoabdominal (mean 4.0) and open suprarenal aneu-
ysms (mean 3.4) has remained flat. Despite substantial
xperience with endovascular repair of the thoracic endo-
ascular aneurysm repair (TEVAR; 96% 0 and mean n 
1 in 2009), experience with open repair of thoracic aneu-
ysm is reported by only 30% of QE applicants, with a mean
f only 1 case (median 0).
EVAR is reported by 100% of QE applicants and the
ean number of cases has plateaued at almost 50 per
rainee (Fig 2). In addition to near universal experience
ith basic endovascular procedures such as diagnostic an-
iography, peripheral angioplasty and stenting, and EVAR,
E applicants in 2009 reported a notable experience with
ore sophisticated endovascular procedures such as arterial
hrombolysis (88%), carotid artery stenting (99%), arterial
mbolization (89%), foreign body retrieval (43%), visceral
ngioplasty (89%), intravascular ultrasound (43%), inferior
ena cava filters (93%), and pharmacomechanical throm-
ectomy (74%).
Recertification data. The surgical operative reports
or selected cases for the years 1995 to 2009 for RE
pplicants are shown (Table IV). There is substantial vari-
tion in the reported operative experience of practicing
ascular surgeons. Carotid endarterectomy is reported by
he highest percentage of vascular surgeons (98%) and is
he only procedure reported bymore than 90%. The second
ost frequently reported case in 2009 was autogenous AV
stula (88%). Most vascular surgeons (75%) reported
ignificant operative experience with the other core vascular
rocedures including open infrarenal aneurysm repair, leg
evascularization, and vascular access. Important trends in
he number of cases reported by recertifying surgeons
nclude a notable decrease in the number of infrarenal open
AA repairs from a high of 13 mean (median 11) in 1995
o a low of 6 mean (median 4) in 2009. Increases have been
bserved in the number of dialysis AV fistulas, inferior vena
ava (IVC) filters, and operations for varicose veins.
There has been rapid adoption of a broad range of
ndovascular procedures by RE applicants such that most
ascular surgeons report substantial experience with infra-
enal endovascular aneurysm (EVAR) repair (78%), percu-
aneous angioplasty and stenting (73%), and vena cava filter
nsertion (72%). In contrast to QE applicants, fewer than
alf of RE applicants report experience with more complex
ndovascular procedures including intra-arterial thrombol-
sis (42%), endovascular repair of aneurysms other than the
bdominal aorta (41%), foreign body retrieval (24%), and
oil embolization of the internal iliac artery (22%). It
hould be noted that the percentage of RE applicants
t
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Volume 53, Number 4 Eidt et al 1133reporting experience with intra-arterial thrombolysis and
endovascular repair of an aneurysm other than the infrare-
nal aorta has more than doubled in the past 5 years. Six of
the top 10 cases reported in 2009 were endovascular cases
(Table V).
There have also been notable decreases in the percent-
age of surgeons reporting experience with some selected
cases (Table VI). For example, the reported experience
with open sympathectomy has decreased by more than 75%
and is now reported by only 3% of surgeons applying for
recertification. There are a number of complex open cases
Table I. QE applicants’ mean number of major open and
1994 1995 1996 1997 1998 1999 2000 2
Total primary 220 237 262 267 257 247 291 2
Major open 161 180 201 199 190 182 197 1
Aneurysm open 36 39 40 41 41 44 54
Cerebrovascular 42 56 60 61 58 56 60
Peripheral 65 69 74 75 70 64 65
Abd obstructive 8 8 10 8 9 8 8
Upper ext 4 4 4 4 2 2 2
Extra-anatomic 8 9 9 10 8 9 9
Abd, Abdominal; ext, extremity; QE, Qualifying Examination; STD, standar
Table II. QE applicants’ mean number of selected endova
1994 1995 1996 1997 1998 1999 2000 2
TEVAR
EVAR
IVCF
CAS
Angiography
PTA 2.5 3.1 3.6 6.6 8.2 9.7 9.7
Venous PTA
Residents 79 85 86 88 86 93 97
Programs 67 72 74 76 75 80 83
ACGME, Accreditation Council of Graduate Medical Education;CAS, carot
inferior vena cava filter; Programs, number of programs reporting ACGME;
endovascular aneurysm repair; Residents, number of residents reporting AC
aPercent of applicants reporting at least one case in 2009.
Table III. QE applicants’ mean number of selected cases
QE 1994 1995 1996 1997 1998 1999 2000 2001
AAA 20 21 22 22 24 27 32 22
EVAR 17
CEA 37 51 54 56 56 53 56 44
AFBG 15 16 16 16 16 14 14 13
FPT 49 51 55 58 53 48 49 40
AVF 5 5
AVG 8 6
IVCF 6 5
Varicose vein 6 6
AAA, Elective infrarenal abdominal aortic aneurysm; AFBG, aorto-ilio-fem
fistula for dialysis; AVG, arteriovenous graft for dialysis; CEA, carotid en
popliteal-tibial bypass; IVCF, inferior vena cava filter; QE, Qualifying Exam
aPercent of applicants reporting at least one case in 2009.that are rarely reported by RE applicants including open Rhoracic aneurysm (10%), direct repair of the aortic arch
8%), direct venous reconstruction (6%), vertebral artery
econstruction (6%), lymphatic procedures (5%), portal
ein reconstruction (2%), and upper extremity bypass (3%).
pen visceral artery procedures, including renal artery pro-
edures (21%), and mesenteric revascularization (32%), are
eported by only a minority of applicants.
Comparison of Qualifying Examination and Recer-
ification Examination data. As would be expected based
n the 2-year residency experience, QE applicants overall
eported substantially higher operative volumes than most
primary cases (1994-2009)
2002 2003 2004 2005 2006 2007 2008 2009 Mean STD
335 378 430 471 516 519 576 632 371 134
169 172 169 168 171 170 185 200 181 13
40 36 36 35 33 32 37 34 39 5
48 52 50 48 50 48 51 57 53 5
64 68 67 69 70 72 77 83 70 5
5 5 5 5 5 5 6 6 7 2
4 4 4 5 5 4 7 8 4 2
8 8 8 8 8 9 9 9 8 1
iation.
r operative cases (1994-2009)
2002 2003 2004 2005 2006 2007 2008 2009 %0a
7.4 11.2 96%
22 26.3 29.9 35.7 44.5 50.5 47.8 48.1 100%
6.9 8.2 11.3 12.1 15.4 16.2 19.1 20.7 93%
11.5 14 99%
36.8 52.8 71.4 79.7 88.3 81.4 81.9 92.2 100%
15.4 23.1 32.2 41 50 50.5 54 73.4 100%
10.1 14.3 88%
104 106 103 103 110 111 94 116
88 88 85 89 91 86 78 90
ioplasty and stent; EVAR, endovascular abdominal aneurysm repair; IVCF,
percutaneous angioplasty; QE, Qualifying Examination; TEVAR, thoracic
4-2009)
2003 2004 2005 2006 2007 2008 2009 Mean STD %0a
18 18 16 15 14 16 14 20 5 100
26 30 36 45 51 48 48 36 13 100
46 44 43 43 42 45 50 48 6 100
13 13 13 13 13 15 16 14 2 99
37 40 42 44 45 46 54 47 6 100
8 9 11 14 15 16 18 11 5 93
6 6 6 6 6 6 8 7 1 85
8 11 12 15 16 19 21 14 5 93
8 9 10 9 7 6 6 7 1 84
reconstruction including endarterectomy and bypass; AVF, arteriovenous
ectomy; EVAR, endovascular abdominal aneurysm repair; FPT, femoro-
; varicose vein, open procedures for treatment of varicose veins.total
001
98
76
41
49
68
6
3
8scula
001
16.9
18.7
10.6
96
83
id ang
PTA,(199
2002
21
22
44
11
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8
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April 20111134 Eidt et alstrate the range of reported operative experience with three
core operations in 2009: carotid endarterectomy, open
AAA, and femoro-popliteal bypass with vein (Figs 5-7). In
each instance, there was a wide range of reported operative
Fig 2. Qualifying Examination (QE), endovascular aneurysm re-
pair (EVAR), and abdominal aortic aneurysm (AAA).
Fig 3. Qualifying Examination (QE) major open case volume
1994 to 2009 (excluding endovascular). abd obst, Abdominal
obstructive; obst, obstructive; ext, extremity.
Fig 4. Nationwide Inpatient Sample endovascular aneurysm re-
pair (EVAR) and open aneurysm repair (1993-2007). AAA, Ab-
dominal aortic aneurysm.experiences for both QE and RE applicants. For carotid fndarterectomy, 96% of QE applicants reported more than
0 cases in comparison to 49% of RE applicants. For
lective open AAA, 73% of QE applicants reported more
han 10 cases in comparison to only 9% of RE applicants. The
perative experience with reconstructive open procedures of
he lower extremity was adequate for both trainees and prac-
icing surgeons. Both QE and RE applicants consistently
eport rich operative experience with carotid endarterectomy
CEA), leg bypass, EVAR, and dialysis access cases.
Relationship between operative case volume and
est performance. There was a statistically significant di-
ect relationship between total operative case volume and
erformance on the QE but not the RE. The magnitude of
he correlation was fairly low (r  .213; P  .038). “The
elationship between a resident’s total case volume and QE
erformance was also examined by categorizing this case
olume and examination scores into quartiles based on the
umulative frequency distribution of each variable. Al-
hough eight of the nine QE failures were in the two lowest
uartiles of case volume (P .055), quartile by quartile 2
nalysis of case volume with QE score (rather than pass/
ail) was not significant (P .398). This casts doubt on the
verall importance on the significance of the correlation
etween resident case volume and QE performance.”
ISCUSSION
This report from the VSB provides a unique view of the
ecent evolution of contemporary vascular surgery practice
n the United States as reported both by applicants for
nitial certification and later recertification in vascular sur-
ery. Over the past 15 years, few surgical specialties have
xperienced the dramatic changes that have occurred in
ascular surgery. One such change has been the rapid
mergence of minimally invasive, image-guided endovas-
ular procedures and a concomitant radical transformation
f the scope of vascular surgery practice from one defined
y a modest number of open surgical procedures to a
pecialty that encompasses the entire gamut of vascular
reatment options. This evolution in vascular surgery prac-
ice parallels equally significant changes in the length and
omposition of training of vascular surgeons. As recently as
0 to 15 years ago, formal training in vascular surgery
mounted to a 12-month “finishing school” based on the
oundation of vascular experience that was an essential
omponent of general surgery residency.1-3 To accommo-
ate the need for additional endovascular training, the
rogram requirements for vascular surgery were modified
y the RRC-S effective July 1, 2006, such that the total
uration of specialty training in vascular surgery was in-
reased from a minimum of 12 months to 36 months.
ascular trainees were given 1 year of vascular surgery
redit based on their total exposure to and training in
ascular surgery during the 5-year general surgery resi-
ency. At about the same time, the American Board of
edical Specialties approved the application of the Ameri-
an Board of Surgery to award a primary certificate in
ascular surgery.4 These landmark decisions paved the way
or the development of pathways to vascular certification
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the first integrated (05) residencies in vascular surgery
offered positions in the general residency match of the
National Resident Matching Program, ushering in the lat-
est chapter in the evolution of vascular surgery training in
the United States. Currently, there are approximately 24
integrated programs and 100 traditional 2-year vascular
fellowships that lead to eligibility for VSB certification in
vascular surgery. The seemingly endless proliferation of
new devices and techniques has created enormous pressure
on vascular surgery educators to assure that trainees are
Table IV. Recertification mean number of cases from 199
case in 2009
1995 1996 1997 1998 1999 2000 2001
AAA 12 13 11 11 11 nr nr
EVAR 0 0 0 0 0 nr nr
CEA 34 43 42 41 43 nr nr
AFBG 10 9 8 9 8 nr nr
AVF 5 7 8 9 11 nr nr
AVG 16 18 17 18 18 nr nr
FPT 39 33 33 34 31 nr nr
IVCF 4 4 4 5 4 nr nr
Varicose vein 9 11 11 15 13 nr nr
Total cases 183 199 196 192 210 nr nr
AAA, Elective infrarenal abdominal aortic aneurysm; AFBG, aorto-ilio-fem
graft for dialysis;CEA, carotid endarterectomy; EVAR, endovascular abdom
filter.
aPercent of applicants reporting at least one case in 2009.
Table V. RE applicants: changes in percent of applicants
reporting 0 selected procedures 2003 vs 2009
2003 2009
% changea%1 number %1 number
Increases
Thrombolysis 18 8 42 7 127%
Other ENDO
aneurysm repair 18 2 41 3 124%
Vein sclerotherapy 12 36 27 36 115%
Stent 40 26 73 34 81%
Venography 28 12 43 22 53%
PTA 52 21 72 39 40%
IVC filter 54 9 72 18 34%
EVAR 61 12 78 16 28%
Decreases
Sympathectomy 11 2 3 2 76%
Venous ulcer 20 3 6 3 74%
Vascular trauma 46 4 23 4 49%
Re-op CEA 48 3 32 1 33%
Renal open 35 2 21 2 40%
ENDO, Endovascular; EVAR, endovascular abdominal aneurysm repair;
IVC, inferior vena cava; PTA, percutaneous transluminal angioplasty; RE,
Recertification Examination; Re-op CEA, re-operation carotid endarterec-
tomy.
Number is mean number of cases reported.
aPercent change in the percentage of applicants reporting at least one
procedure.both grounded in the principles of traditional surgical care snd yet also capable of providing state-of-the-art, minimally
nvasive treatments.
Our initial purpose was to assess the scope of contem-
orary vascular practice. What is most notable in reviewing
he surgical operative logs of practicing vascular surgeons is
he remarkable breadth of operative experience reported.
hile a small number of surgeons have restricted their
ractice to select areas of concentration (eg, venous disor-
ers, aneurysms, and diabetic feet), the majority of vascular
urgeons report substantial volume in virtually all of the
ajor operative categories. In addition, there has been
ore than a threefold increase in the total number of cases
eported by both QE and RE applicants. This increase has
een driven largely by an increase in the number of endo-
ascular diagnostic and therapeutic procedures. In 2009,
or example, angiography was the most frequently reported
ase by both trainees and practicing surgeons, and endo-
ascular procedures accounted for 6 of the top 10 most
requently reported cases by RE applicants. During the
2009 and percent of applicants reporting at least one
02 2003 2004 2005 2006 2007 2008 2009 %0a
r 9 9 8 9 7 7 6 80
r 12 12 12 14 14 16 16 78
r 38 37 32 33 30 33 28 98
r 8 10 7 7 8 7 6 78
r 16 25 23 26 25 28 28 88
r 16 19 14 16 11 12 10 76
r 36 42 37 42 32 34 33 82
r 9 12 10 13 34 15 18 72
r 20 30 30 36 36 46 46 67
r 600 706 606 722 677 724 647
econstruction; AVF, arteriovenous fistula for dialysis; AVG, arteriovenous
eurysm repair; FPT, femoro popliteal tibial bypass; IVCF, inferior vena cava
able VI. Top 10 cases (by reported volume) reported
y RE applicants 1995 vs 2009
Rank 1995 # 2009 #
1 Leg bypass (all) 39 Arteriogram 61
2 CEA 34 Varicose vein 46
3 AV Graft 16 PTA 39
4 AAA 12 Stent 34
5 Thrombectomy 10 Leg bypass (all) 33
6 Varicose vein 9 AVF 28
7 Digit amp 8 CEA 28
8 BKA 6 Venogram 22
9 AV fistula 5 IVC filter 18
0 IVC filter 4 EVAR 16
AA, Abdominal aortic aneurysm; AV, arteriovenous; AVF, arteriovenous
stula; BKA, below-knee amputation; CEA, carotid endarterectomy;
VAR, endovascular abdominal aneurysm repair; IVC, inferior vena cava;
TA, percutaneous angioplasty; RE, Recertification Examination.
eg bypass includes all above and below bypasses with vein or synthetic
onduit (#  mean number of cases).5 to
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April 20111136 Eidt et alaneurysm repair, most surgeons report stable or increasing
open operative caseload.
There have been other noteworthy changes in the
scope of vascular surgery practice. Procedures for portal
hypertension, surgical sympathectomy, and operations for
Fig 5. Carotid endarterectomy histogram of Qualifying
(RE) 2009 (n  161). VRE, Vascular Recertification Ex
Fig 6. Abdominal aortic aneurysm histogram of Qualify
tion (RE) 2009 (n  161). VRE, Vascular Recertificatiovenous ulcers have become almost nonexistent in the last reveral years. Another notable recent trend includes the
nding that AV fistulas now outnumber AV grafts for
ialysis by approximately 3 to 1, consistent with national
uidelines recommending an all-autogenous policy. Vari-
ose vein procedures including catheter-ablation and scle-
ination (QE; n  112) vs Recertification Examination
ation.
xamination (QE; n  112) vs Recertification Examina-
mination.Examing Eotherapy have also witnessed a notable rise perhaps in part
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ment patterns.
A second question we sought to answer was the degree
of penetration of endovascular skills into the armamentar-
ium of the practicing vascular surgeon. Until the last de-
cade, vascular surgery practice had been traditionally char-
acterized by three major open operations: carotid
endarterectomy, open AAA repair, and lower extremity
bypass. The emergence of EVAR in the late 1990s un-
leashed a wave of endovascular procedures that have been
widely adopted by practicing vascular surgeons across the
country and indeed around the world.5 Currently, nearly 8
of 10 surgeons applying for recertification report a rich
experience in a broad range of basic endovascular proce-
dures including angiography, venography, angioplasty,
stenting, and infrarenal EVAR. Practicing surgeons report
less experience than recent trainees with more complex
endovascular procedures such as intra-arterial thromboly-
sis, embolization, foreign body retrieval, and endovascular
repair of aneurysms other than the infrarenal aorta. These
more complex endovascular procedures are among the
procedures with the greatest recent growth.
The impact of increased utilization of minimally inva-
sive procedures on the open operative skills of vascular
surgeons remains uncertain. For example, it is clear that the
rise of EVAR has resulted in a precipitous drop in open
infrarenal AAA repairs. In 2009, for example, the average
number of open AAA operations reported by recertifying
surgeons was only six, a decrease of more than 50% over the
past decade. At first glance, one might question whether
this is sufficient volume to assure continued competence.
Fig 7. Femoropopliteal bypass with vein histogram of
Examination (RE) 2009 (n  161). VRE, Vascular ReceOver the past several years there have been numerous tublications that demonstrate a statistical association be-
ween both hospital and surgeon volume, and AAA out-
ome through the precise definition of a “low volume”
hreshold has been inconsistent.6,7 In fact, efforts such as
he Leapfrog initiative to identify centers of excellence
ased on AAA volume have been largely based on mortality
ates before the endovascular era.8 This leads to the uncom-
ortable conclusion that many previously “high volume”
enters (30 AAA/year) would now be classified as “low
olume.” It is also clear that some so-called “low volume”
enters have exemplary AAA results.9 In addition, there is
vidence that open AAA outcomes may be related to total
neurysm volume (EVAR and open) suggesting that it may
ot be the volume of a specific procedure but rather suffi-
ient experience in themanagement of a complex condition
hat leads to better results.10 It is our belief that the
bsolute volume of a specific operationmay not be a reliable
ndicator of the complex interplay of surgical knowledge,
perative judgment, and technical skill required for com-
etent surgical practice. We are reassured that although
ascular surgeons are reporting both increased operative
olume and remarkable breadth of case complexity, overall
perative mortality for elective AAA repair seems to be
eclining.11Whether there exists a low volume threshold at
he surgeon level remains to be proven. The third question
e addressed was the appropriateness of current training in
elation to contemporary practice patterns. It is reassuring
hat recent trainees consistently report a rich operative
xperience with a broad range of both open and endovas-
ular procedures. This experience includes substantial ex-
erience with the core vascular procedures carotid endar-
lifying Examination (QE; n  112) vs Recertification
ation Examination.Quaerectomy, leg bypass, and complex aneurysm repair.
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catheter-based ablation, and open techniques continues to
rise. Furthermore, vascular trainees report a remarkable
experience with both basic and complex endovascular pro-
cedures including EVAR, TEVAR, carotid angioplasty and
stenting, embolization, and thrombolysis. All residents ap-
plying for certification in 2009 exceeded the case require-
ments established by the VSB-American Board of Surgery
and the RRC-S. Given the robust endovascular experience
of most vascular trainees, the role of simulators in advanced
vascular surgical education remains to be established.12,13
It is interesting to note that there was a statistically relevant
relationship between reported case volume and perfor-
mance on the QE.
There has been considerable concern that the recent
dominance of endovascular procedures might negatively
impact the training of vascular residents in complex open
surgery.14 Surprisingly, we found that the reported experi-
ence with major open vascular procedures has remained
remarkably stable over the past 15 years, averaging nearly
200 cases per resident. In particular, current trainees report
a robust experience in cerebrovascular, aneurysm, and
lower extremity reconstructive procedures that have re-
mained unchanged since the early 1990s. On the other
hand, the widespread adoption of EVAR has resulted in a
decrease in the number of reported open operative infrare-
nal aortic aneurysm repairs by both QE and RE applicants.
In 2009, for example, QE applicants reported a mean of 14
open AAA operations during a 2-year fellowship in com-
parison to a peak of 32 such cases in the year 2000. These
trends are reflected by data from the NIS, in which only
approximately one-third of infrarenal aneurysms are cur-
rently treated with open surgery. Half of the vascular sur-
geons applying for recertification in 2009 reported fewer
than four open AAA operations. The effect of the decrease
in open infrarenal AAA volume on training has been miti-
gated to some extent by a stable pattern of open surgical
treatment of other aneurysms so that the overall number of
open aneurysm repairs as reported by recent trainees has
remained relatively robust. It has also been demonstrated
that the complexity of open aneurysm surgery, as reflected
by the need for suprarenal clamping, has increased since the
introduction of EVAR.15 The impact of the decrease in
open infrarenal aneurysm volume on both resident training
and ultimately patient outcomes remains uncertain.
There is a widespread perception that the success of
endovascular techniques may have eroded the open opera-
tive skills of recent vascular surgery graduates. There are
several potential explanations. First, although the total
number of major open cases has remained more or less
constant, the increase in the duration of training from 1 to
2 clinical years has diluted the concentration of operative
experience, such that a resident may not have the benefit of
repeated exposure to the same case over a shorter period of
time (allowing for mastery by increased repetition fre-
quency). Additionally, to compensate for decreasing open
case volume, some programs have recruited additional sur-
geons at multiple teaching sites. This further reduces the iensity of operative experience and reduces the number of
eaching cases with each instructor. One suggestion to
ncrease the frequency of repetition is to allow the resident
o “follow the case” rather than provide service coverage to
group of attending surgeons. For example, a program
ight elect to have one resident concentrate on carotid
ndarterectomy with multiple attendings in different loca-
ions over a designated time frame (rotation). Such an
pproach would necessitate rethinking the currentmodel in
hich a resident is assigned to a “service” regardless of the
ase composition.
Another expressed concern is that the decrease in vas-
ular surgery operative experience of general surgery resi-
ents has resulted in their entry into vascular residency
raining with a less robust vascular foundation.16,17 To
omply with RRC-S recommendations, general surgery
esidents are required to have 44 vascular cases.18 In the
ast few years, these cases have been increasingly domi-
ated by vascular access and vascular trauma with a sharp
ecrease in the reported experience with elective complex
pen surgery.19 Furthermore, the Surgical Committee on
esident Education document has substantially altered the
equirement for mandatory operative experience with most
lective vascular operations.20 Currently, vascular surgery
esidents (52) receive credit for 12 months of vascular
raining in general surgery residency to achieve the 36-
onth threshold prescribed by the ACGME. The impact
n vascular surgery training of further reductions in vascu-
ar surgery experience by general surgery residents remains
nknown.
Finally, it has increasingly been observed that junior
evel residents rarely participate in operations in a role other
han as primary surgeon. The demands of increasing ward
ork combined with duty hours restrictions has led to a
ulture in which junior residents spend less time in the
perating room as observers or second assistants.21 At least
hree recommendations have been offered to modify this
ituation. First, the Association of Program Directors in
ascular Surgery and the RRC-S have discussed the option
f allowing residents to claim credit for key components of
elected cases, the so-called “Cronenwett plan,” in which
elected procedures are unbundled. For example, exposure
f the femoral artery might be performed and credit
laimed by a junior resident whereas a senior resident
laimed credit for aortofemoral bypass or endovascular
neurysm repair. Second, it has been suggested that junior
esidents receive credit for acting as “second assistant.”
his would have the effect of encouraging junior level
esidents to participate in operations, benefit from first-
and observation of their conduct, gradually learn essential
echnical skills, and witness the management of surgical
mergencies, without the burden of being the primary
urgeon. Last, there is interest in providing additional
echnical training in complex open surgery through the use
f structured surgical simulation. Selected stations from the
ontresinaMasters Course have been recently incorporated
n the Vascular Annual Meeting.
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the data in this report. The surgical operative data are
reported voluntarily and not audited for accuracy. Vascular
surgery residents may stop entering cases once they have
reached required minimum thresholds. Recertification ap-
plicants may not have access to computerized registries to
supply accurate operative data and thus may estimate oper-
ative volume. These data are representative only of appli-
cants for certification and recertification in vascular surgery
andmay not be representative of national data that includes
vascular surgery performed by surgeons not eligible to be
certified in vascular surgery. Despite these limitations, we
believe these data provide a unique view of contemporary
vascular surgery in the United States.
In summary, current applicants for both certification
and recertification in vascular surgery in the United States
report a diverse operative experience that includes a broad
range of endovascular and open operations. Contrary to
popular thought, the number of major open operations
reported by QE applicants has remained remarkably stable
over the past 15 years. The majority of vascular surgeons
seeking recertification has rapidly incorporated EVAR and
other diagnostic and therapeutic endovascular procedures
into clinical practice. The impact of continued expansion of
endovascular techniques on vascular surgical training of
open surgical skills remains to be seen.
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Dr Gregory Moneta (Portland, Ore). The observation is the
number of open cases obtained by finishing vascular residents in
the endovascular era is the same as in the past. However, it now
takes 2 years rather than 1 year to accumulate these open cases.
Repetition frequency may influence skill acquisition. Is there any
evidence competence, rather than just accumulation of numbers,Dr Eidt. I think that really is probably at the crux of this issue.
n 2006, all of the training programs were mandated to be 2 years.
think that the density of training clearly matters and the repetition
requency clearly matters. Therefore, I think that we may have to
onsider ways to improve the acquisition of basic skills prior to
ctual clinical practice so that you can concentrate more when you
re the operating surgeon on acquiring the global concepts that
ou need to be a successful surgeon.
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April 20111140 Eidt et alDr Douglas Wooster (Toronto, Ontario, Canada). I have a
couple of questions. One is, we are always kind of looking at data
that is behind the curve, really. We are collecting things in this kind
of setting that reflect what we thought was important 5 or 10 years
ago. Do you see changes in how this data will be collected in the
future with respect to some of the nonoperative things, like vascu-
lar laboratory involvement or medical management of vascular
disease? Venous ulcers, which are very common, are very seldom
operated on nowadays but still are an important area. Do you see a
different way of collecting the data from the information you have
had from this study?
The second question I have is: How do you see the 05
training paradigm altering the data collection?
Dr Eidt. I think the question of whether the board just reacts
to the world or whether the board can in some ways influence what
trainees do I think is very important. The vascular laboratory is a
good example. The Board and the RRC have plans to mandate
documentation of experience in the vascular laboratory. It may also
be appropriate to consider requiring completion of the RPVI
examination as a prerequisite for Board eligibility.
I think the 05 is an interesting development. My personal
opinion is that I think it is going to be successful, but we have not
even graduated the first resident yet. I think the advantage of
repetition is probably one of the greatest features of the 05
programs.
So I think that while I am not sure that it will change the total
volume of cases that is experienced, I do think the repetition factor
will be a real benefit in the 05s.
Dr Robert Rutherford (Corpus Christi, Tex). It is nice to see
that these changes are being analyzed on an ongoing basis and it
was nice to see the data.
It was to be expected that EVAR would have significant
inroads, more complex cases for open repair during for vascular
fellowship training. However, the one trend that I think may not
have made as much of an impact as it may in the future is the
dislocation of venous interventions into freestanding vein centers.
I wonder if there are any plans to try to incorporate this experience
into the training programs, so that this experience is not lost.
Dr Eidt. Clearly, experience with the broad range of treat-
ment options for venous disease will be important including both
inpatient and outpatient options. I think that Dr Sidawy’s presen-
tation yesterday that the ability to respond and to be flexible is
probably the most crucial factor in success.
wI think it is really important for us to start thinking about not
nly what it is to be a vascular surgeon today, but to really design
he programs that lead to what is the vascular surgeon that we want
o see 10 years from now. What does a vascular surgeon need to
now about image analysis, genetics, hemostasis and thrombosis,
nd vascular medicine, in addition to endovascular and open
urgery.
Dr Rutherford.My point is, and the impact of my comment
bout venous procedures, is that if our young vascular fellows in
raining do not get exposure to this, this trend will actually
ncrease, and many of them will not have the experience to incor-
orate them into their practices.
Dr Eidt. I would just say that treatment of venous disease
ncluding sclerotherapy is one of the areas that has shown the
reatest growth in the past 15 years by both trainees and practicing
urgeons.
Dr Jack Cronenwett (Lebanon, NH). John, I rise to congrat-
late the Vascular Surgery Board for now having control of these
ata and for bringing them forward. I remember years past when it
as very difficult to even obtain this type of data. It is very valuable.
The point I would like to make is that it has worked well for us
o analyze the experience of our 2-year vascular fellows at the end
f their training, but I think for the 05 program, particularly in
he formative years, it probably would be appropriate to do some
nterim analyses. So I wonder if the VSB is planning to work with
he RRC to begin to look at the profile of the caseload of these
esidents before first residents actually finish the program?
Dr Eidt. Jack, I think that is very insightful, and I think there
s no doubt that we may get to a point where we have sort of a
ransition point in those 05s, not just with regard to cognitive
esting for core surgical principles but also in terms of, perhaps,
kill testing, if there is a core set of skills that need to be acquired
uring those first years and to assess that before going on to a more
enior level.
Dr Anton Sidawy (Washington, DC). John, I do not know
hether you mentioned the fact that we talked on the Vascular
oard to increase the number of questions in venous diseases, and
n vascular medicine. Maybe when this happens and the word gets
ut, the interest in these areas will increase. This goes back to what
ou mentioned earlier, whether the board is a reflection of what is
oing on out there or whether the board can, at times, influence
hat is going on out there.
Dr Eidt. I agree.
